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N 'vw"

EXELON™ (rivastigmine tartrate, EN A 713) is an acetyl-cholinesterase inhibitor of
the carbamate type. It is being proposed for the treatment of mild to moderately severe
dementia associated with Alzheimer’s disease.

The sponsor is proposing to market EXELON™ as~_ . . 1.5, 3.0, 4.5, and 6 mg
(as free base) immediate-release, hard-gelatin capsules for oral administration.

The proposed starting dose is 1.5 mg b.i.d, with maintenance doses of 3-6 mg b.i.d,
and the maximum dose of 6 mg b.i.d.

EXELON™ will be manufactured by Novartis Pharma AG, Basel, Switzerland.
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COMMENT. S~

=

1. The effect of food on the absorption of ENA 713 was evaluated at lower doses
(viz., 1 mg and 2.5 mg) in healthy subjects. Food delayed Tmax by 1.5 hours
and decreased Cmax and increased AUC by 30 %. Due to nonlinear
pharmacokinetics of BNA 713, this effect of food on drug absorption after 1 mg
and 2.5 mg doses can Dot be extrapolated to the highest 6 mg dose. The effect of
food may be more pronounced at doses higher than 2.5 mg.

2. The renal impairment study (No.W253) showed that moderately renally impaired
patients had higher plasma concentrations of ENA 713 than normals in contrast
to severely renally impaired patients who had plasma levels comparable to those
in normals. There is no tangible explanation for this discrepancy and therefore
the results of this study are considered mconclusxve %”
(To be Sent to the Firm): -
3. The proposed dissolution methodology and specification for all strengths of
rivastigmine tartrate capsules —~——_—— 1.5 mg, 3.0 mg, 4.5 mg, and 6
mg) as outlined below, are acceptable:

Apparatus: USP Apparaius 2 (Rotating Paddie)
Speed of Rotation: 50 rpm

Medium: 500 mL of water at 37+0.5°C
Specification:

4. The sponsor is requested to incorporate OCPB’s pharmacokinetic labeling as
outlined in Appendix A.

.
=

RECOMMENDATION:

The NDA # 20-823 submitted for EXELON™ capsules has been found to be acceptable
provided that the sponsor incorporates OCPB’s pharmacokinetic labeling as outlined in
Appendix A. Please forward the above Recommendation and Comments 3 and 4 to the

firm. Comments 1 and 2 are to the Medical Reviewer.
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EXELON™ (nvasi;gmme tartrate, ENA 713) is an acetyl-cholinesterase inhibitor of the
carbamate type. =

PHYSICO-CHEMICAL PROPERTIES:

ENA 713 is a white to off-white, fine crystalline, hygroscopic powder. It is highly
soluble in water (>1g/mL). - — T ——— The partition coefficient in
n-octanol/phosphate buffer solution, pH 7 is 3.0.

STRUCTURAL FORMULA:

Jit
N HO
MR o
) + Ho "
| on :
N HO

.o v-ﬂ"-c’“

o

¢ 1?'7 opiical rotation of the base is (-); the optical rotation of the (+) hta salt
is (+

CHEMICAL FORMULA:

ENA 713 is chemically known as (S)-N-ethyl-N-methyl-3-[1-(dimethylamino)ethyl]-phenyl
carbamate hydrogen-(2R,3R)-tartrate. Conversion of the chiral center of the molecule
under in vivo conditions is unlikely. It has an empirical formula of C, H,,N,0,*CHO, and
a molecular weight of 400 (hydrogen tartrate salt) and 250 (free base).

INDICATION AND USAGE:

EXELON™ is being proposed for the treatment of mild to moderately severe dementia
associated with Alzheimer’s disease.
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HOW IT IS SUPPLIED:
EXELON™ will be supplied as hard-gelatin capsules containing rivastigmine tartrate,

equivalent tc - 1.5, 3.0, 4.5, and 6 mg of rivastigmine base for oral
administration.

PROPOSED DOSAGE AND ADMINISTRATION (FIRM'S):

The recommended starting dose of EXELON™ is 1.5 mg BID. After a minimum of two
weeks of treatment, the dose may be increased to 3 mg BID. Subsequent increases to
4.5 mg BID and then to 6 mg BID are to be based on tolerability to the current dose. The
maximum dose is 6 mg BID (12 mg/day).

MANUFACTURER AND MANUFACTURING SITE:

EXELON™ will be manufactured by Novartis Pharma AG, Basel, Switzerland.

APPEARS THIS WAY
ON ORIGINAL



Pharmacokinetics (PKs) of ENA 713 were determined in young and elderly volunteers up
to single 3 mg and 2.5 mg oral doses, respectively, because of lack of tolerability to the
higher doses of the drug. In Alzheimer’s patients, PKs of ENA 713 were determined up
to 6 mg b.i.d with titration.

ABSORPTION/BIOAVAILABILITY

Absorption: Based on the results from mass balance study in healthy volunteers (n=6,
dose=1 mg or 2.5 mg), ENA 713 is rapidly (Tmax =1 hour) and completely (97 %
radioactivity recovered in urine) absorbed (Study No. B151).
Absolute Bioavailability: Mean+ SD absolute bioavailability of ENA 713 is 35.5+13 % ?’
following single 3 mg oral and 1 mg intravenous doses to 12 healthy subjects (Study No. E
W361).

Relative Bioavailability: Mean +SD relative bioavailability (F,.,) of ENA 713 from capsule
compared to an oral solution in nine Alzheimer’s patients is 125149 % after a single 3 mg
dose and 104+21 % after a single 6 mg dose. However, dropping one patient with a F,,
value of 242 % brings the mean to 109+23 % following the 3 mg dose (Studies No.
B353). Relative bioavailability was also determined after a single 3 mg dose in 10 healthy
volunteers (Study No. W251) and averaged 105+14 %.

BIOEQUIVALENCE

No bioequivalence studies were required to be conducted since the final to-be-marketed
capsules (~ , 1.5, 3.0, 4.5, and 6 mg) were identical in composition to those used

in the clinical trials.

FOOD EFFECT -

In a single-dose, 4-way crossover study (Study No. W101) involving two separate doses,
1.0 mg and 2.5 mg given under fed and fasting conditions (n=24 healthy subjects), food
was found to decrease the rate of absorption of END 713. Food delayed mean time to
Cmax (Tmax) by 1.5 hours, lowered mean Cmax by 30 % and increased mean area under
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plasma concentragon/time curve (AUC,.) by 30 %. The effect of food has not been
studied following Eié_‘highest recommended dose (i.e. 6 mg), however, in clinical trials
patients were instructed to take the drug with food if tolerability (especially nausea,
vomiting, and diarrhea) was a problem.

DISTRIBUTION

In Vivo: ENA 713 is widdly distributed throughout the body with a mean apparent
volume of distribution of 5.1+2.8 L/kg (416 L) in 10 healthy subjects following a single
3 mg oral dose (Study No. W251). ENA 713 penetrates the blood brain barrier reaching
CSF peak concentrations in 1-4 hours. Mean AUC, ,, ratio of CSF/plasma averaged
40+0.5 % following 1-6 mg b.i.d. doses in patients (Study No. W252).

In_Vitro: ENA 713 is about 40 % bound to human plasma proteins at concentrations,
ranging from 1-400 ng/mL which covers the therapeutic concentration range of the drug.g'!
ENA 713 distributes equally between blood and plasma with a blood-to-plasma partition.
ratio of 0.9 at concentrations ranging from 1-400 ng/mL. -

METABOLISM

An in vitro study (Study No. 303-302) of ENA 713 with human liver, small intestine, and
plasma revealed that ENA 713 is extensively metabolized in liver (1.15 umol/kg), small
intestine (0.26 umol/kg), and to lesser extent in plasma (0.006 wmol/kg). The major
pathway of biotransformation is the direct cholinesterase-mediated decarbamylation of
ENA 713 to the phenolic metabolite, ZNS 114-666 (See Figure 1). Results also indicate
that saturable first-pass metabolism exists with ZNS 114-666 formation being 80 % and
60 % at 10 uM and 50 uM incubations, respectively. ZNS 114-666 is subsequently
conjugated with sulfate or, to lesser extent, N-demethylated followed by conjugation with
sulfate. Cytochrome P450 system plays a minimal role in the metabolism of ENA 713. The
exposure to ZNS 114-666 (as measured by AUC) is about 7-fold higher than that to parent
drug (Study No. B151). However, the pharmacological activity of ZNS 114-666 is
unknown. B
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Mass-Balance: Following single 1 mg and 2.5 mg oral doses of “C-ENA 713 to healthy
male volunteers (n=6/dose), excretion appears (0 be exclusively via the renal pathway.
Total radioactivity -recovered is 97 % in urine and 0.4 % in feces over 120 hours. No
parent drug is detected in urine, indicating that ENA 713 is completely metabolized before
being excreted. At both dose levels, the sulfate metabolite is the 1najor component excreted
in urine and represents about 40 % of a dose. ZNS 114-666 represents 1 % of dose
following the 1 mg dose and 7% of dose following the 2.5 mg dose (Study No. B151).

Clearance and Half-life: Mean oral clearance is 3.5+1.4 L/min following 1 mg b.i.d
dosing (n=3 patients) and 1.8 +0.6 L/min following 6 mg b.i.d dosing (n=3 patients)
(Study No. W252). ENA 713 is rapidly eliminated with a mean elimination half-life (t!%)
of 1.6+0.1 hours at 6 mg b.i.d in patients (n=3). The half-life (t'2) remained relanvely
constant across doses and ranged from 1-2.5 hours (Study No. W252). }"

DOSE-PROPORTIONALITY
In patients with Alzheimer’s disease (n=3/dose), ENA 713 exhibits linear kinetics over
the dosing range of 1mg to 3 mg b.i.d. At higher doses of 3-6 mg b.i.d, ENA 713 tends
to display nonlinear kinetics; doubling the dose from 3 to 6 mg b.i.d resulted in 4-fold
increase in AUC,,;, (Study No. W252).

Population PK analysis (Studies No. B351 and B352) revealed that ENA 713 displays
nonlinear kinetics over the doses of 1.5 mg to 6 mg b.i.d. In medium size (70 kg, 175 cm),
nonsmoking male patients with severe Alzheimer’s disease, AUC and Cmax increased
10-fold as dose increased 4-fold (1.5 mg to 6 mg).

Nonlinearity is more pronounced in young volunteers (n=24), elderly volunteers (n=24),
hepatically impaired patients (n=10), and renally impaired patients (n=16) compared to
patients with Alzheimer’s disease. In young and elderly volunteers, AUC, .. increased
5-fold when dose increased from 1 mg to 2.5 mg (Study No. W101). In hepatically and
renally impaired patients, AUC,.. increased 9-fold as dose increased from 1 mg to 3 mg
(Studies No. W251 and W253, respectively). This nonlinearity may be attributed to
saturable esterase metabolism in liver and small intestine.



MULTIPLE-DO§E

3.
ENA 713 has asho_it half-life (t'4~ 2 hours) and its steady state plasma levels are expected
to reach within 1 day of dosing. Accumulation of the drug is not expected upon b.i.d

dosing.
SPECIAL POPULATIONS
¢

AGE: Following a single 2.5 mg oral dose to elderly volunteers (> 60 years of age, n=
24) and younger volunteers (n=24), mean oral clearance of ENA 713 was 7 L/min and
10 L/min, respectively (Study No. W101). Elderly subjects have a 30 % lower clearance
than younger subjects. No dosage adjustment is necessary in elderly patients, since the
dose of the drug is individually titrated to tolerability, and further, safety and efficacy
studies have been conducted in elderly population. In addition, population PK analysis
(Studies No. B351 and B352) showed that age has no effect on the oral clearance of ENA;,
713 (n=625 patients, age =50-92 years). : :

GENDER AND RACE: No formal PK study has been conducted to examine the effect of
gender .or race on the pharmacokinetics of ENA 713. However, population PK analysis
indicated that gender (n=277 males and 348 females) and race (n=575 Caucasians,
34 Blacks, 4 Orientals, 12 Others) has no effect on the oral clearance of ENA 713.

NICOTINE USE: Population PK analysis showed that nicotine use increases the oral
clearance of ENA 713 by 23 % (n="75 Smokers and 549 Nonsmokers).

HEPATIC DISEASE: Following a single 3 mg dose (Study No. W251), mean oral
clearance of ENA 713 is 60 % lower in hepatically impaired patients (n=10, biopsy-
proven liver cirrhosis) than in healthy subjects (n=10); 1.2 L/min vs 3.1 L/min.
Variability (cv) in clearance was high (cv=50-70 %). The half-life of ENA 713 was
similar in hepatically impaired patients and healthy volunteers. Accumulation upon twice
a day dosing is not expected in hepatically impaired patients. Dosage adjustment is not
necessary in hepatically impaired patients as the dose of the drug is individually titrated
to tolerability. )

RENAL DISEASE: Following a single 3 mg dose (Study No. W253), mean oral clearance
of ENA 713 is 64°% lower in moderately impaired renal patients (n=8, GFR=10 -
50 mL/min*) than in healthy subjects (n=10, GFR260 mL/min); CL/F=1.7 L/min (cv=



A
45 %) and 4.8 L/rjin (cv=80 %), respectively. In severely impaired renal patients (n=8,
GFR < 10 mL/minj, oral clearance values were within the normal values. Two subjects in
severe group (#4 and #8) with GFR values of 0.0 mL/min were found to have very low
clearance values, 0.77 L/min and 0.96 L/min, respectively; which is about 80 % lower
than in normal subjects (4.8 L/min). Mean oral clearance in the severe group is about
35 % higher than in the healthy group, CL/F = 6.5 L/min (cv=89%) and 4.8 L/min
(cv=80 %), respectively. [*GFR was determined by "™ TC-DTPA)

[ ]

In this study, it is noted that two subjects (#5 and #6) with GFR values of 11.7 and
11.5 mlL/min were included in the severe group, which according to the definition in the
protocol should be considered and analyzed in the moderate group. At the reviewer’s
request (October 3, 1997), the sponsor reanalyzed the data after removing these two
subjects from the severe group and placing them in the moderate group. Similar results
were obtained, that is: ?’
Mean oral clearance of ENA 713 is 54 % lower in moderately impaired renal patients:_
(n=12, GFR=10-50 mL/min) than in healthy subjects (n=10, GFR 2 60 mL/min); CL/F
= 2.2 L/min (cv= 64 %) and 4.8 L/min (cv=80 %), respectively. Mean oral clearance
in the severely impaired renal patients (n=8, GFR <10 mL/min) is 6.9 L/min (cv=90%),
which about 43 % higher than in healthy subjects (n=10, GFR > 60 mL/min); CL/F =
6.9 L/min (cv=90 %) and 4.8 L/min (cv=80 %), respectively.

The moderate renal group had a decreased clearance and an increased Cmax while the
severe group had virtually no change. At the reviewer request (Submission dated October
28, 1997), the sponsor provided an explanation, suggesting large intersubject variability
and relatively small number of patients studied may be responsible for this discrepancy.
The study results are inconclusive due to this discrepancy.

No obvious correlations were observed between GFR and any of the PK parameters of the
drug. Dosage adjustment may not be necessary in renally impaired patients as the dose of
ENA 713 is individually titrated to tolerability.

ALZHEIMER'’S DISEASE: A cross-study comparison (Studies No. B353 and W251)
showed that patients with Alzheimer’s disease clear ENA 713 slower than healthy subjects.
Following a single 3 mg dose, mean CL/F is 2.2+1.0 L/min in patients (n=9) and 3.1+
1.9 L/min in healthy subjects (n=10) (about 30 % lower). Mean Half-life is 2.1+

1.1 hours in patients and 1.6+0.7 hours in healthy subjects (about 30 % longer in
patients). Mean apparent volume of distribution is comparable; 382+205 L and 416+
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257 L in patients and healthy subjects, respectively. Dose-nonlinearity is less pronounced
in patients than in Eefglthy subjects (see DOSE PROPORTIONALITY).

Population PK analysis showed that oral clearance values in patients with moderate
(n=335) and severe (n=14) Alzheimer’s disease decreased by 13 % and 30 %,
respectively, compared to the basic mean population clearance estimate value (i.e. with no
covariates). Mean (SE) population clearance estimate value is 0.51 (0.09) L/min.

¢

OTHER DISEASES:

Population PK analysis with a data base of 625 patients indicated that arthritis (n=186),
diabetes mellitus (n=36), dyspepsia (n=46), hypertension (n=201), neoplasms (n=2)
have no effect on the oral clearance of ENA 713.

DRUG INTERACTIONS ‘ },
In Vitro Interaction Studies (Study No, 303-343). In vitro enzymatic studies revealed that:

(@) ENA 713 had no inhibitory effect on substrates of cytochrome P450 for the major
isoenzymes such as CYP 1A2, 2C8, 2C9, 2C19, 2D6, 2E1, and 3A4. ENA 713 is
therefore unlikely to influence the metabolism of the majority of drugs which are
metabolized by cytochrome P450 system.

(b)  Potentially coadministered drugs, such as haloperidol, fluoxetine, thioridazine,
amitriptyline, nortriptyline, and diazepam, as well as the enantiomers of the phenyl
metabolite of ENA 713, ZNS 114-666, have no effect on ENA 713 decarbamylation, the
major pathway of drug biotransformation.

(c)  Drugs that inhibit butyfylcholinesterase, such as thioridazine, amitriptyline, and
nortriptyline, have no effect on ENA 713 decarbamylation in human liver.

[0 Vivo I ion Studies:

Digoxin: Coadministration of ENA 713 (3 mg single dose) with digoxin (1 mg loading
dose and 0.25 mg QD) did not alter the steady-state pharmacokinetics of digoxin in

12 healthy subjects (Study No. W361). The combination of ENA 713 +digoxin was not
different from placebo+digoxin in the pharmacodynamic variables (viz., heart rate, PR
intervals, systolic and diastolic pressure, and pulse rate). Digoxin also did not alter the
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pharmacokinetics &f ENA 713.
X~

Warfarin: Concomitant administration of ENA 713 (3 mg single dose) with warfarin
(30 mg single dose) did not alter the pharmacokinetics of racemic warfarin or its
enantiomers in 12 healthy subjects (Study No. W362). Coadministration of ENA 713 did
not alter the prothrombin complex activity of warfarin. Mean change from baseline in the
prothrombin complex activity of warfarin was 38.5+9.8 % after warfarin+ENA 713
administration and 41.25+96 % after warfarin alone administration. Warfarin also did
not alter the pharmacokinetics of ENA 713.

Diazepam: A single 3 mg dose of ENA 713 administered in combination with 2 mg
diazepam did not have any effect on the pharmacokinetics of eithér diazepam or its
metabolite, nordiazepam in 12 healthy subjects (Study No. W363). Diazepam also did not
alter the pharmacokinetics of ENA 713. .
Fluoxetine: Administration of a single 3 mg dose of ENA 713 did not alter thei_-’
pharmacokinetics of either fluoxetine or its metabolite, norfluoxetine (40 mg single-dose
fluoxetine) in 12 healthy subjects (Study No. W365). Fluoxetine also did not alter the
pharmacokinetics of ENA 713.

In addition, population PK analysis with a data base of 625 patients showed that the
pharmacokinetics of ENA 713 were not influenced by commonly prescribed medications
such as antacids (n=77), antihypertensives (n=72), B-blockers (n=42), calcium channel
blockers (n=75), antidiabetics (n=21), non-steroidal anti-inflammatory drugs (n=79),
estrogens (n=70), analgesics (n=177), antianginals (n=35), benzodiazepines (n=2), and
antihistamines (n=15). ,

PHARMACOKINETIC/PHARMACODYNAMIC (PK/PD) RELATIONSHIP

ENA 713 inhibits the AChE and BChE activities in CSF over the dosing range of 1-6 mg
b.i.d (n=3 patients/dose). Inhibition was observed within 1 hour and was maintained over
the 12-hour dosing interval. Mean maximum inhibition ranged from 20 % at 1 mg b.i.d
to 60 % at 6 mg b.i.d (n=3 patients/dose). Inhibition of BChE activity in plasma is lower
than that in CSF: mean maximum decrease in BChE activity ranged from 7 % at 1 mg
b.i.d to 35 % at 6 mg b.i.d (n=3 patients/dose).
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AUC(thr of ACthhctmty in CSF is linearly correlated with AUC g ,,,, of ZNS 114-666
in plasma (p < 0.6001, n=3) and with AUC, ,, of ZNS 114-666 in CSF (p < 0.0001,
n=3). AUC, , 0f BChE activity in plasma is linearly correlated with AUC, ,,, of ZNS
114-666 in plasma (p=0.0018, n=3) and with AUC ,,,, of ZNS 114-666 in CSF
(p=0.027, n=3).

Cmax of AChE activity in CSF is linearly correlated with Crnax of ZNS 114-666 in
plasma (p=0.0104, n=3). Cmax of BChE activity in plasma is linearly correlated with
Cmax of ZNS 114-666 in plasma (p=0.0078, n=3).

Studies No, B351 and B352:

Linear regression apalysis (n=625) of relationships between efficacy measures (viz.,
ADAS, CIBIC, and PDS) and exposure at Weeks 12, 18, an 26 showed that a significant ,

relationship exists between ADAS at Week 12 and dose-nermalized AUC, ,,, and Cmax P
of ZNS 114-666 (p > 0.05). However, significant relatio«ship was not shown when the .
AUC, ,,, and Cmax were not dose-normalized; which is i more relevant analysis. No.-
significant relationships between efficacy measures and exposure to drug or its metabolite
was found at Weeks 18 and 26.

Logistic regression analysis (n=625) showed that a significant relationship between ZNS
114-666 exposure and the incidence of gastrointestinal adverse events (p > 0.05). During

the titration phase, the incidence of anorexia and diarrhea were significantly and directly
related to ZNS 114-666 AUC,,,, and Cmax, while nausea and vomiting were directly
related Cmax of ZNS 114-666. During the maintenance phase, anorexia, diarrhea, and
nausea did not change, while vomiting was directly related to AUC,,,, and Cmax of ZNS
114-666. Clinically notable weight loss of more than 7 % after Day 84 was associated with
the AUC, ,, and Cmax of ZNS 114-666 during the maintepance phase but not during the
titration phase. The significant PK/PD relationship with ZNS 114-666 indicates that this
metabolite may be a better surrogate for the exposure of the parent drug.

FORMULATION

s

The sponsor is proposmg to market rivastigmine tartrate as . 1.5 mg, 3 mg,
4.5 mg, and 6 mg (as free base) immediate-release, hard-gelaun capsules for oral
administration. Capsules are not compositionally proportional. The composition of
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different capsule stfengths is shown in APPENDIX II. Clinical capsules were identical in

composition to tho¥e.proposed for marketing and therefore, no links between clinical and
to-be-marketed-formulations are needed to be established.

IN VITRO DISSOLUTION

ENA 713 is a highly soluble drug. Its permeability is not known. Dissolution of the drug
substance is independent of pH over the physiological pH range of 1-7. Water was selected
as a dissolution medium for ENA 713 capsules. Dissolution testing was performed using
the USP Apparatus 2 (rotating paddle) at a speed of 50 rpm in 500 mL of water at 37 +

0.5°C. - - - ——_ ., were submitted for the to-be-marketed
as well as stability capsules. :

Dissolution of rivastigmine tartrate in water was fast; mean % dissolved was more than}
90 % in 30 minutes (See also APPENDIX III). However, some individual capsules,:
especially those of stability batches showed dissolution rate as low as 76 % in 30 rmnutes
The sponsor proposes a specification of ~=——e———"———"",

The Agency agrees on the firm’s dissolution methodology and specification for all
strengths of rivastigmine tartrate capsules ( - 1.5 mg, 3.0 mg, 4.5 mg, and
6 mg) as outlined below:

Apparatus: USP Apparatus 2 (Rotating Paddle)

Speed of Rotation: 50 rpm

Medium: 500 mL of water at 37+0.5°C
ANALYTICAL METHODOLOGY

In the studies submitted, the sponsor utilized a gas chromatography with mass
spectrometric detection (GC/MS) method to measure plasma concentrations of ENA 713.
The method is adequately validated. Details of the method are shown in APPENDIX IV.




¢ Safaa 8. Ibrahim, Ph.D.
Division of Pharmaceutical Evaluation I

A

ClinPharm/Biopharm Briefing on: November 26, 1997 (Attendees: Drs.: Malinowski,
Chen, Lazor, Mehta, Baweja, Miller, Sahajwalla, Ibrahim, Tammara, Levin, Fitzgerald,
Rosloff)

RD/FT initialed by C. Sahajwalla, Ph.D. \s\

cc: NDA # 20-823 (Orig.), HFD-120, HFD-860 (Ibrahim, Sahajwalla, Malinowski),
HFD-19 (FOI), and Drug files (Barbara Murphy, CDR).

APPEARS THIS WAY
ON ORIGINAL



Montality in the Rivastigmine NDA; Burkhart 4/27/99

~sw-<]n the rivastigmine NDA using the findings from the FDA team

Table 6. All-cause and SUD mortality (per 1000 PYs)

»u'uw"l

=~ Deaths Kane N[P deaths | I"DA NIP FDA
Study Type ; PYs within 30 Deaths SUDs
RCTs ~-T
Placeho | 396 03(1) 0 2.3 (1) 0
>0- <10 mg 646 7.7 (5) 3.1(2) 6.2 (4) 1.5(1)
10&12 mg | 165 6.1 (1) 6.1(1) 6.1(1) 6.1(1)
RR (95% CI) 1.1* 3.2+ 1.3* 6.3*
(0.1,8.8) (0.3,34.9) (0.1,10.8) (0.4,101.1)
RCT Extensions
<10 mg | 996 12.1 (12) 2.0Q2) 6.0 (6) 2.0 2)
10&12 mg | 991 23.2 (2)) 17.2117) 15.1 (15) 7.1(7)
RR (95% CI) 1.9(0.96,3.9) | 8.5 2.5 3.5
(2.0,37.0) (0.97,6.5) (0.7, 16.9)
Titration Studies
<10 mg | 301 36.9 (12) 19.9 (6) 26.6 (8) 10.0 (3)
10&12 mg | 135 14.8 (2) 74(1) 7.4(1) 0
RR (95% CI) 0.4 0.4 0.3
(0.1, 1.7) (0.04,3.1) _(0.0,2.2)
All Studies
Placebo | 396 03(1) 0.0 (0) 0.3(1) 0.0 (0)
<10 mg | 1943 14.9 (29) 5.1(10) 9.3(18) 3.1(6)
10&12 mg | 1290 20.1 (26) 14.7 (19) 13.2(17) 6.2(8)
RR (95% CI) 1.6* (0.9.2.7) | 3.4* 1.6* 2.4*
(1.6,7.4) (0.8,3.1) 0.8,7.0)

*10 & 12 mg compared to < 10 mg including placebo
NIP, not implausible; PYs, person-years; RCTs, randomized controlled trials

APPEARS THIS WAY
ON ORIGINAL
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<Iable 7. Mortality rates by current dose in the RCT extension dataset
for deaths considered implausible by FDA reviewers and deaths meeting their SUD criteria

. .‘.3....«.

= FDA NIP Deaths FDA SUDs
Dose 2 PYRs Counts Rate Counts Rate
2 T 134 1 7.5 0 0
4 IR 7] | 0 0 0 0
6 3ss 2 5.6 1 2.8
8 285 3 10.5 1 35
10 231 2 8.7 2 8.7
12 760 13 171 5 6.6
<10 996 6 6.0 2 2.0
10 & 12 991 15 15.1 7 7.1
Rates are deaths per 1000 person years (PYRs)
NIP, not-implausible; SUDs, sudden unexplained deaths
Table 8. Mortality Rates (per 1000 PYs) in the RCT Extension dataset
by Time Since Study Entry
TSSE Deaths 30 Deaths 7 b — FDA NIP FDA SUDs
Days 0-60 3 3 3() 0(0) 0(0)
Days 61-180 18 (10) 14 (8) 9(5) 12(7) 12()
Days 181-365 25(17) 8 (6) 12 (8) 13(9) 43)
Days 365+ 16 (7) 12 (5) 12 (5) 12 (5) 12 (5)
NIP, not-implausible; SUDs, sudden unexplained deaths; TSSE, time since study entry
[ Table 9. Mortality rates (per 1000 PYs) in the RCT extension dataset
by time since study entry
FDA NIP Deaths FDA SUDs
- TSSE PYs N Rate N Rate
. Days 0-60
. <10 1237 0 0 0 0
10& 12 81 0 0 0 0
Days 61-180
<10 260 2 7.7 0 0
10& 12 302 5 16.5 1 3.3
! Days 181-365
<10 315 4 12.7 2 6.3
10 & .12 367 5 13.6 1 2.7
Days 365 +
<10 184 0 0 0 0
10 &-12 240 5 20.8 5 20.8

PYs, person-years; NI?, not-implausible; S

entry

UDs, sudden unexplained deaths; TSSE, time since study
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N

{Appendix 2 Donepezil Mortality]

Tab: 1. Mortality rate (per 1000 PYs) in study 303 using time at each dose
Dose *% . PYRs Deaths within 30 days of LPD Deaths within 7 days of LPD
Smg _ * 163 18.4 (3) 18.4 (3)
10 mg - 1109 27.0 (30) 18.0 (20)
Rate Ratio 1.5(0.54.8) 1.0 (0.3,3.3)
Table 2. Mortality rates (per 1000 PYs) within 30 days of LPD by time since entering the extension.
Time Period 5 mg Dose 10 mg Dose ‘
0-60 11.3 (1 in 88 PYs) 39.7 (4 in 101)
60-180 52.1 (1in 19 PYs) 15.8(3in 189)
180-365 45.4 (1in 22 PYs) 7.5 (2 in 265)
365-730 (0 in 28 PYs) 34.9(15in 430)
730+ (0 in 6 PYs) 48.4 (6 in 124)
Table 3. Mortality rates (per 1000 PYs) across all phase 3 open-label experience. 3
Dose PYRs Deaths within 30 Deaths within 7 2]
<10 mg 411 19.4 (8) 14.6 (6) :
10mg 1421 25.3 (36) 18.3 (26) -
Rate Ratio 1.3 (0.6,2.8) 1.3 (0.5,3.0)
| Table 4. Mortality Rates (per 1000 PYs) for Deaths classified as not-implausible or SUDs by the FDA
across all phase 3 open-label experience with donepezil.
Dose PYRs FDA NI Deaths FDA SUDs
<10 mg 373 9.7 (4) 49(2)
10 mg 1421 12.0(17) 4.2 (6)
Rate Ratio 1.1(0.4,3.2) 0.8(0.2,3.4)
NI, not implausible
- APPEARS THIS WAY
ON ORIGINAL
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. i NA Tette
Appendix 3: Selected Tables and F 1gures from Novartis’s response to the ter
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FDAPOSTT.XLS Post-text Table 5.5.1: P iviee b ege s e
Exelon June 30, 1997 Mortality Data
Summary of Nested Case Control Analyses Conducted for All Deaths
Parameler , |MO I
GROUP __ |Dala Used Varlable @~ |DF |[Estimate  [SWWEm  |Chi-Sq  |P-Value |Risk LL UL WOC WC
AAPhase i _Jmioata T l2Nt T T el T 5372|  0497|. . . 640.243] 63407
AN Phase i Al Data Placebo | ¢ -1.25883] v.asee] 1.18176] 0277  o0.284] 0020 275
Al Phase Al Dala >2-4mg __|.1|__o0e4651] 0.72022] 080570 03694] 0524] o0.128] 2.140].
Al Phase Il -__ AN Data >4-8mg 1| 01502 063619] 0.06262| 0.8024] 0853 0245 2967]. - |
Al Phase Wl Al Data »-0mg _1[__068241] 080048] 1.21518] 0.2703] 04i4] 0008]  1.987]. i
Al Phase il . AN Data >8- 10 mg 1| __0.15554] 068303] 005503| 0.6145] 1.168] o.Fo]  4.2p5] ' '
AN Phase I All Data >10-12mg 1] _-0.11919] 0.61740] 0.03726] 0.8460] © 0.205|  2.77[. ¥
i i o i g 1Y
Al Phass W AN Data -ZLNL 14l . 1593 os1f. T . 1540.243] 638.648}
Al Phass Wl Al Data Placebo 1] -086013] 1.13102] 0.50052] 0.4422| 0419] . 0.048]  3.848] .
AN Phase i AN Dala 4-6mg A 017115] 0.53184] 0.10356] 0.7478] 1.187] o0418]  3.363]
A% Phase il All Data >5-0mg 1| 013633] 0.57861] 0.05552] 08137] i.146] 0360  3.662|.
Al Phase il Al Data >9-12mg __ 1| _031336] 0.51007] 0.38741] 0.5444| i.388] 0407 3.700).
AR Phase W — Al Data 2INL I I . 1.801]  0.772[. . ) 640.243| 838.442
AIPhase i Al Data Pacsbo T 1]__-0.06058] 110676] 060461| 0.4368] 0423] o0.048] 3.701].
Al Phasa il Al Dats >4-0mg ——__ 1 1] 025891] 0.48485] 0.31021] -05778] 1208 0.621]  3.223|.
Al Phase W Al Deta *6-0mg 1/ _0.15404] 0.50200] 0.00451] 0.7583]  1.167|  0.438]  3.128|.
Al Phase Wt Al Dsla »0-12mg 11} _o032878] 041767] os1085] o04312] 1388 ©613]  3.18]
ASPhase il A8 Data 2INL R 1A . 1.118] _ 0.572]. . . 640.243] 039.128)
AR Phase W Al Dats |P1aceno 1] -008204] 1.00706] 06016] 0.3708] 0.374] 0.044]  3.218].
Al Phase ti Al Data le-12mg 1| 005588] 0.36390] 0.02353] o0878] 1087 o08i8]  2.188[
Al Phase il AN Data -ZINL 2|. 1 1488  0.473]. . . 640.243| 638.7
AN Phase ill AD Data Placsbo 1] _-096971] 1.06407] 0.80013] 03793 0379 0.045] 3.174]. .
All Phase Wl Al Dela »-12mg 1] 0.17079] 020040] 0.3038] 05303  1.107] o063 2.008]
' |
Al Phase Wl All Data -2LNL 2| . 1312  0519). X . 040.243] €30.031
Al Phase i Al Dats Placsbo |1} __-108260] 1.00254] 0.90205] 03217]  ©0.339] o04] 2.882] .
AN Phase i AN Deta 0-<Admg 1| -0222085| 0.48748] 0.20807] 08478 o8] 0308 2.081]
- R T |
AN Phasa Il All Data 2INL T2 : 1611 - o.448] ) . 640.243| 638.631
Al Phase Al Data Plscsbo ™~ 7 7171| 1123e8| 1.09285] 1.05718] 03039 0325 0.038] _ 2.768].
Al Phase il All Data 2-4mg | v -0271205] 0.30870] 040036] 04838] o0.761] 0.355|  1.834].
Al Phase Il AN Data 2N T 1] A S Y] T . o 1T 60243 630.321
Al Phase Hi AN Data Prescribed Dose 1| 0039476 0.04153] 000358] 0.3418| 104/ 0850 1.128|. —
ANPraseWl - ~jAiDsta __ J2INL T B I AN S ML) N A A ‘S I £ B 1Y
Al Phasa il Al Dala Dose/10 kg (TO) 1] 04538] 0.24377] 234657] 0.0627] 1.574] 0076 2.539]
Covariales identified with (TD) are tlime-dependent.
Wald Chi-sq used for Parameter Estimates.
Ukelihood-ratio lest used for oversll model (diffesence between -2 in likelihood for model fil wilh no covariales vs mode! with the given covariates).
' 1 e lww-n"‘
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FDAPOSTT.XLS Post-text Table 5.5.1: 11/10/98 Page 4 of 26 .
Exelon June 30, 1997 Mortality Data
Summary of Nested Case Control Analyses Conducted for All Deaths
Parameter Relative
GROUP DstaUsed  |vadable __|oF |esumate  |siEn  lcnisq  [P-vaiue |Risk L UL woC
| j I N _ -
lexy ‘ All Dals -2LNL 1] . 0.004 0.952]. . . 400.404
JexT Al.Deta >0-4mg 1] 0.020097] 0.48524] 00036] 09522 0971 0375 28614 .
| ! ~ |1
lexT A Dala 2INL ) ) 1082|0283, ) ; 400404
[exT AR Dela Prescribed Doss 1] 0.058935] 0.05611] 1.10312] 0.2038] _ 1.081 005  1.484]
|
Jext Al Dala 2LNL 2|. . 11.877 0.002]. . . 400.404
lea Al Dota Dose/10 kg (TD) 1] 0.55254] 032025] 20767] 0.0845] 1.738] 0.028]  3283|.
e Al Dala Welght (TD) | 1| 0.02098] 001544] 37627] 0.0524 007 0.842 1],
|
e All Dala ZINL 2. ] 7.558)  0.022]. ] } 408,181
EXT All Deta Dose/10 kg 1| 0.45088] 0.32688] 1.80361] 0.1677 157 o821 2e70]
54 _ ADsta____ [BsiWeight | 1] 002470 ovot408] 274512] o0.0076] oo78| o847 _ 1.003[
[ A -
EXT Afl Dela 2INL Tl i 0078] 0783 . . . 400.404
BXT All Deta ‘Cum Dose (1000 mg) | 1] 0004108 001491 007587] __0783] owe6| 0067|  1.028
L.
jexr Al Data 2LNL . . 5059  0.538). . 400,404
jext All Deta >2-4mg 1| _-1.085:2] 0091521] 141614) 0234] 0.337] 0.058]  2.02)3.
lgxr Al Deta >4-6mg - "] -101521] 078541]  1.7502] o0.1847]  o02362] _ o.081]  1.624|.
EXT AN Data Ppe-e _Ta[ —-108134[ "08188] 1.08017] o.1040]  0.348 007 1.7123].
|Ext AN Data >8 - 10 mg 1| -0.38783] 0.73413] 0.27009]  0.6973] 0.670] o0.981] 2.881].
eq All Deta >10- 12 mg 1| -0.26053] 0.62838] 0.18399] o0688] o0.764] 0223] 2617]
lex Al Deta |PrevExp 1o Exelon (vs Pbo) | 1| 0.22711] 0.35271] 0.41481] 0.5198] o0.797] 0308  1.501).
|
Jexy Al Data -2LNL 4. . 4.997 0.207]. . R 400.404
JEXT All Dela 4-0mg 1| -1.04045] 0.70857] 2.15611] 0.142] 0.353] 0.088]  1.417|.
EXT All Data >8-0mg 1| _-1.06134] 0.8188] 1.60018] 0.1040]  0.348 007 1.722[.
EXT All Dala >0-12mg 1| -0.20718] 0.61801] 023123] 06308] 0743 0221 2403}
EXT 'All Deta |PrevExp o Exslon (vs Pbo) | 1]  0.22748] 0.35262] 041817] o0.5188] 0797 0.3990 1.50[.
{ |
[ExT All Deta FITIN 4f. 1. 3533 0.489]. 400.404
lexy All Data >4-0mg | 3| _-043585] 067307] 041933] 0.5173] o0647]  0473] 2419
[exr All Data pe-9mg . 1| 048055 0.73218] 043079| 0.51168] 0618] 0.147| _ 2.507 —_
|[Exv Al Data >9-12mg | 3| 020289 04984| 0232216) 05703| _ 1327 05] 3524
e All Data PrevExpioExelon(va Pbo) | 1] 022044] 0.35254| 042354) 05152|  0705] o00d98]  1587]
| R R R R I
[exx exc304  |2UNL_ 1. - _ | _oon| "ol T | 3
[ExT oxc304  [Placebo o ol. S T £ . . .
exy_ e lexc304  6-12mp 1 -00573]  0.5422) ‘O.O'JJ.L’.,,.'Q-NSB 0944 0326 213
L

Covariates identified with (TD) are lime-dependent.
Wald Chi-sq used for Parameler Estimales.

Likekhood

sl used for overall model (diffarence between -2 In bkelihood for modet fit with no covan’

model with the given covariates)




FDAPOSTT.XLS

[ l I Parameter IRalallvo —[

GROUP  (Dats Used [Varisble OF [Estmatle |SHEm  [Chh-Sq  [P-Value |Risk LL w woc WC
Al Phase il [ANData  [-2INL 6. . 6179 0.403]. . . 381.675] 375.306
Al Phass i /AR Dals  [Piacebo 1] -14.8527 1311 0.00013 0.001 0 of. ] ]
AR Phoso i [ARDeta  [>2-4mg T 1| -0.0196 1] 038542 05347] 0538 oo076] 3.008]
ANPhase ili [ANDsta > 4-8mg 1 02715 0.94| 008522 07703 0.76 0.12] 4814
ANPhase I [ADsts  [>6-8mg 1| 03300 1.12[ oo0e761] 0.7672{f 0.718 008] 6.426].
AS Phase Wi [ANDets |>8- 10 1 0.1347 0.98] 0.01004] 0.8003 1.144]  0.168] 7.792].
Al Pheee W lAaTats  |>10-12mg 11 0.3814 o.o' 0.17004] 06722 1.4%4 0.28]  e.500]. |
All Phase Ui [AFDeta__|-2LNL 4]. ] " 4857 0.302]" , 381.576] 376.718
Al Phase i [All Deia  |Placebo 1| -15.5838 2129] 0.00005] 0.0042 ) o . }
AlPhase W1 [AVNDela  [4-8mg 1] -0.1055 072] 00213] o.884 08| o218 aTi]. X
AR Phase i [ANDats [>6-9mg 1] 0.3585 0.76] 022052] 0.6308 1.431 0.321] 6.39]. .
AiFnase it (2200ls DB-12mp 1| 05974 0.68] 078132 03787 1017 0483 o838 ]
Al Phase Ui AN Dala  |-2LNL i 4. . 4.807] . 0.208). ] 381.573] 376.878
Al Phase Il [Al Dela  |Piecebo 1| -15.487 2132| 000005 0.9942 0 o|. .
Al Phose N [AIDsta _ [>4-8mg 1]~ "o.1658 067 0.0608s] 0.5035 1.18]  0318] 4404
Al Phese N [AIDsta__ [>6-0mg 1 0.525 069 05807 0440 180 0438 e.s23]
AiPhese W |ASDats [>8-12mg _ 1| __o7ess 0.58] 1.74<37; O.1008 2.151 069 6.701].
ANPhase i [AiDsla_|-2INL 12 T 355 0anz - 381.578| 378,081
Al Phase i |A Dsta  |Placebo 1| -15.4434 2138] 0.00005| 0.8832 0 ol. . .
Al Phese W AR Data  [6-12mp 41 0.5839 055 1.11102] 0.2010 1.703]  0.605] 5.31].
Al Phase i [AlDsta [-2INL 2[. . 4.284 0.117]. . 301.578] 317.202
AN Phese Wi |A Deta  [Placebo 1| _-15.5668]  2125] 0.00005] 0.9942 0 o|. : R
A Phaso M Al Data _ [>0-12mg 1| 0s5273] 037 200123] 0.1572] 1604 o0818] 3.510]. -
Al Phase i AN Dela [-2INL 2|. . 249  0.287]. ] _ 301.878] 370.085
All Phase il /Al Deta  [Placsbo 1] -15.7732 2120 0.00008] 0.004% 0 0. . .
AlPhase N [ANData [>0-<4mg 1] -0.3020 064] 022530 0.635 0730 o232 2577
AN Phase i [ANDsta_ |-2LNL ) R AU Y| I A7) N 381.378] 316473
AX Phase i |All Deta _|Placebo ]| -i59086] 21| 0.00006| 0084 ol o " S
AlPhase i [ASData [>0-4mg | 1| -0.5543f gga 101748] 03131  0574| “"0.186| 1687] .
Al Phase lil [ANData_ [-2LNL I N S | aes7| _eess|. T T LT T[T 381875 "’gn‘.“oii#

gl | A8 Prase i (AN Data — [Prescribod Dose ~ © """ "[1| 010776 o00sea| 340506l 0088 Tiwal T dges| izasl " | T
. i
,..) AN Phase i |ANData | 2LNL 2 : | 11eer| Tooodl T _ | 381572 369.586

J%EL.LIII Al Daia__|Dose/10 kg (TO) 1 0.8894| 033804] 69224 00085 2434 1.255 4721

Covariates identified with (TD) are lime-dependent.

Wald Chi-sc ‘or Patameter Estimates.

Likelihood- used lor overall model (difference between -2 In likebhood for model it with no cavari 1odel with the given covariates).

Post-text Table 7.2.1:
Exelon June 30, 1997 Mortality Data
Summary of Nested Case Control Analyses Conducted for Deaths Wi 7 Days (Kane)

11/10/98 Page 1 of 9
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FDAPOSTT.XLS : Post-text Table 7.2.1: 11110/98 Page 3 of
Exelon June 30, 1997 Mortality Data
Summary of Nested Case Control Analyses Conducted for Deaths Wi 7 Days (Kane)

r—‘Puamolet iReuun ] . :
lGROlP Data Usad [Variable ____ |pF|Estmate |SWEr  |ChiSq  |P-Vaiue |Risk L w woc __ jwe A ‘
|rET Al Dala__ [Placebo - “1|"-30.6166]  3367| 0.00008] 0.9927 0| 0. . . | -
|RCT ANDsta  [>0-dmg _1]|__-18.5041 2528 0.00004]  0.9948 0 0. . . , B A
¥ 1 L §
iRCt ANDsls  [-2LNL T v 1l . " aoes o043 . . W52 uan
|RET AiDels__|Prescribed Dose | 048502] 0.35233] 1.00215] 0.1678]  1.628] _ 0.815] 3243l )
IRCT AiDsla [-2LNL 2|. . 2.712] " 0.257]. . . 38524] 35.812
[rET Al Dela__|Duse/10 kg (TD) 1| 1.97e72] 138721 2.03483 0.1538]  7.233] _ 0.477] 109.683].
|RcT Al Dot 'Welght (TD) 1] 0.02811] 0.04498] 0.33883] 0.5617] _ 1.026 op4| 1921
IrRCT AiDels  [-2LNL 2. . 2.701 0.259). . . 38.437] 35
[RET Al Dsla__ [Dose/10 kg 1|~ 1.00801] 1.39952] 2.01374] 0.1550]  7.286]  0.460] 113.184].
IRCT AR Dela  Bel Weight 1 0.0201] 0.04443 0.42885 0.5126] 103 0.4 1423,
=Rc1’ AVDsta [2LNL I ] S R T T . A 30.827| ~ 34.861
[RCT Al Dsta__|Cum Doss (1000 mg) ["1]” “1.7e805[ “1.87208| 0.91318] o.::ml' 5.0683 0.153] 234.682] .
IExY |ADsta__ [2INL 8. . ~_©66%] o249 I ) 230081 223.443
|[Exv AiDels__ [>2-4mg 1| -0.71852] 1.41715] 0.25776] 06116] 0487 0.03] _ 7.631]. .
lexy AiDsta_ [>4-6mg 1| -141000] 1.41568] 09935 03180] o0.244] 0015 38l v v )
ey AiDats_ |>8-8 ~ 1| 0.46641| "122607[ 0.14457] 0.7038] _ 0.627] 0057 _ 0.044]. i
1| -0.36927| " 1.22746| "0.0805|  0.7635]  _0691]  o0082]  7.004]. . res
1| “0.42731| "1.04203] 0.18818] _0.6818] 1533  0.190] _ 11.818]. (7o)
1 L |
3. . 5119 0.163[. . : 230001 224.962
1| -1.12332] 12262 0.83023] 0.3%06] 0.325] o0.020]  3.607]. . -
1|~ 0464] 1.22606] 0.94308] 0.7052] 0820  0.087 6.08].
1| _026008] 1.03531]  0068] 0043] 431 _0.72| 9.988]. [ - )
3. . 5007 o.184]. . N 230.081| 224.085 4
1| -0.98331] 1.22686] 0.64631] 04214] 0373] 0034 413 . 2L
1] _-0.04056] 1.00189] 0.00164] 00677 098] 0135 0.84]. S—
1| _0.69260] 0.75641] 083062 03508]  1.000]  0.454]  8.804]. (v
| eaeel ezl T T[T 250,01 220708 l"l'll
J11..0.36091} 0748341 023009) 06107] 1464/ 0338 @35l 1
LT T ezl To0al T T T T T T T T 230.081) 225,089 G
1| " 0.99587| 051877] 368511 Qos49; 27071 corel 7as3| | 7 °
e w:"w'j o o
1] oovos| 0928 : 230,081 230073 -
1] 0093293 102791| 000824] 09277] 1098] 0146 s231| | -

Covaristes identified with (TD) are time-dependent.
Waid Chi-sr ‘or Parameles Estimates. .
Like#ihood- used lor overall model (difference between -2 I hkelihood for inodel fit with no covani. odel with the given covanales)
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Rolative Risk

Relative Risk
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o = A .
Figure 7.3 Days off drug > 9 mg vs <=9 mg (All Phase 3, EXT, TITR)

%'*'_' All Phase lil: >9 mg versus <=9 mg
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Appendix 4. Drs. Boehm, Feeney and Freiman reviews of implausibility and SUDs for

rivastigmine and donepezil
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FEB "7 2000
CLINICALPHARMACOLOGY AND BIOPHARMACEUTICS

I REVIEW

L .
NDA:20-823 - Submission Dates:

i October 21, 1999
Generic Name: . Rivastigmine Tartrate Oral Capsule (ENA 713)
Brand Name: EXELON® .
Indication (s) Alzheimer's disease
Sponsor: Novartis
Type of Submission: Pre-Approval Safety Update Package
Reviewer: Sayed Al-Habet, Ph.D. X

: o

Date of Review: January 19, 2000 :
SYNOPSIS:

Novartis Pharmaceuticals has submitted for review a pre-approval safety update package. The
most relevant information to the Office of Clinical Pharmacology and Biopharmaceutics are: 1)
liver impairment study (Attachment 1) and absolute bioavailability study (Attachment 2).

Background/Discussion:

1) In the current label of the original NDA the clearance of the drug was reduced by 60% in
liver impairment patients compared to healthy subjects. The study was conducted at a
single 3 mg oral dose. In the current submission, the sponsor has conducted a multiple
dose study at 6 mg bid oral dose in liver impairment patients and healthy subjects (study
# W368); the dose of 6 mg bid was shown to be effective in clinical trails. The results of
this study indicate that the mean oral clearance was reduced by 65% (46% to 70%) in
liver impairment patients compared to control (see Comment below). In addition, in
cirrhotic patients; the mean oral clearance was 25% lower after morning 6 mg dose than
after evening dose (32 L/h vs 40 L/h). This small difference does not appear to be of
clinical significance.

2) The mean absolute bioavailability of rivastigmine at an oral dose of 6 mg and an IV dose
of 2 mg is about 72% ranging from 22-118%. The previous study (#W361) of the original
NDA was 35% at an oral dose of 3 mg and an IV dose of 1 mg. The reason for this
discrepancy is not clear, but could possibly be due to the non-linear PK of the drug. In
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this case, the best estimate of the absolute bioavailability for this drug would be at the
same oraland IV dose (e.g., 3 mg). The 6 mg IV dose may be too high to be given to
humans. -
3
Labelling/Commen&@o'mment to the Clinical Division) :

For the multiple dosiﬁg hepatic impairment study, the sponsor is requested to add the following
statement to the current label:

‘

e e - —

—

RECOMMENDATION:

Please incorporate the contents of the above Labelling Comment to the current labelling for
LExelon Oral Capsule.

Reviewed by: , \ca\
é

Sayed Al-Habet, Ph.D.
Office of Clinical Pharmacology and Biopharmaceutics
Division of Pharmaceutical Evaluation I

RD/FT initialed by Raman Baweja, Ph.D. _. . __ - l /o ‘e 09

cc: NDA # 20-823 (Orig.), HFD-120, HFD-860 (Al-Habet, Baweja, Mehta), Drug files
(Biopharm File, CDR).
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1. Clinica}; Pharmacology Summary Report SDZ ENA 713 W368

Study title: Amumble' dose study employing titration to evaluate the phamacokinetics of SDZ ENA
713 capsules at an oral 6 mg (single and bid) dose in subjects with liver cirrhosis compared to a
control group of healthy volunteers.

Investigator(s)! Kenneth Lasseter, MD, Clinical Pharmacology Associates, Miami, FL, USA

Report authors: Mr. C. McDonald, Dr. M. Hossain (Clinical Pharmacology, Novartis, E. Hanover, NJ,
USA), Dr. E. Singer (Drug Metabolism and Pharmacokinetics, Novartis, Basel, Switzerland) and Dr. J.
Lee (Medical Information Processing and Statistics, Novartis, E. Hanover, NJ, USA)

Publication(s): None

Study period: first subject dosed 19-Jun-98 last subject completed 17-Sep-98

Objectives:

Primary: To determine if the pharmacokinetic parameters of SDZ ENA 713 (ENA 713, nivastigmine):
and its phenolic metabolite NAP 226-90 at the 6§ mg singie dose are aitered in subjects with liver
cirrhosis compared to healthy control subjects.

" -v*uw‘

Secondary: To evaluate if the pharmacokinetic parameters of rivastigmine and NAP 226-80 at the 3 -
mg bid and 6 mg bid doses are altered in subjects with liver cirhosis compared to healthy control
subjects.

To evaluate the safety and tolerability of rivastigmine at the 6 mg dose in subjects with liver cirrhosis
compared to healthy control subjects.

To compare pharmacokinetic parameters of rivastigmine and NAP 226-90 between the moming and
the evening medication cycle at steady state bid dosing.

Design: This was a single center, open-label, parallel-group, 22-day titration trial, using doses up to 6
mg bid.

Number of subjects: Enrolled: 21 total; Completed: 20 (10 in each Group | and Il) - one subject in
Group | (#0009) discontinued prematurely after completing only the 3 mg single dose and 3 mg b.i.d.
dosing treatments.

Criteria for inclusion:

Group I: Ten (10) subje&ts. 21-70 years of age with biopsy proven liver cirrhosis, a Child-Pugh score
of 5-12, normal renal function, and free of encephalopathy or moderate to severe ascites.

Group Il: Ten (10) age, gender and weight matched healthy subjects.

Investigational drug:

e e e e
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Duration of treatment: 22 day titration, 7 different dosé regimens of rivastigmine.
3mgq.d,3mgb.id,4mgb.id, S5mgb.id., 5mgqd, 6mgaq.d and 6 mgb.id.

Criteria for evaluation:
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Table 2-5.: Comparison between cirrhotic and healthy groups for ENA713 pharmacokinetics from 6 mg bid dosing (morning)

ENA713 STUDY W368 s .T )
. 6 mg, bid dosing (a.m.) .
9 J J N | . -
. ARITHMETIC MEAN + SD f
PARAMETER ' ' GEOMETRIC MEAN \ DIFFERENCE p-value (908 C.1%)
' ! ' {RANGE)
Cirrhotic group Healthy group
(N =10) (N =10)
AUC(0-12)
{ng.hr/aL) 215.75 + 92.38 : 83.38 + 44.84 158.77
199.74 73.41 172.10 <.01°* (1.88 3.93)
.’_.———'—
[
Cmanx
{ng/mL) 37.38 + 12.91 24.70 + 12.76 51.32
35.80 21.91 63.39 0.02* (1.18 2.27)
Tmax § 1.50 + 0.41 1.05 + 0.28 42.686
(hr} 1.50 1.00 50.00 0.03°
! ——— ———
T~HALF 3.35 ¢+ 1.79 1.83 ¢+ 0.23 83.42
thr) 2.99 1.81 64.87 0.01* (1.2 2.17)
e e
CL/F 32.32 ¢+ 12.68 ) 92,23 4+ 46.33 -64.96
{L/h) 30.05 81.70 -63.21 <,01°* (0.25 0.53)
H/P ratio 0.21 + 0.12 0.71 + 0.43 -70.06
0.186 0.61 -70.48 <.01* (0.18 0.47)
Accumu. index 1.47 + 0.16 1.32 + 0.33 11.41
1.46 1.28 14.11 0.16 {(0.97 1.34)
Anpp—— —

NOTE:§ MEDIAN IS PROVIDED FOR TMAX INSTEAD OF GEOMETRIC MEAN. P-VALUE WAS OBTAINED FROM WILCOXON'S RANK SUM TEST.
FOR p-value, * = STATISTICALLY SIGNIFICANT (p<=0.05) DIFFERENCE BETWEEN TREATMENT MEANS.

i
'
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Table 2-6.: Comparison between cirrhotic and heaithy groups for ENA743 pharmacokinetics from 6 mg bid dosing (evening)
1
‘ ENA71) STUDY w368 B ! i
| , [ 6 mg, bid dosing (p.m.) , , - '
1 ' ARITHMETIC MEAN + SD . %
PARAMETER ¥ ) GEOMETRIC MEAN % DIFFERENCE p-value {90% C.I1.)
{RANGE)
Cirrhotic group Healthy group
(N=39) (N =10)
AUC (0~-12)
{ng.hx/mL)} 173.89 + 78.48 83.91 + 60.28 107.23
159.81 67.42 137.03 0.01* (1.49 3.78)
——— —
Cmax
{ng/mL) 25.50 + 7.02 20.71 + 19.46 23.15
24.5)3 15.78 55.43 0.11 (0.99 2.45)
Tmax #
{thr) 2.78 + 1.18 1.90 + 0.88 46.21
2.00 2.00 0.00 0.16
prm—  ———.
T-HALF
{thr) 4.17 + 2.65 2.01 + 0.42 107.78
3.58 1.97 81.67 0.01* (1.30 2.53)
—— P
CL/F
(L/h) 40.65 + 16.62 108,09 ¢+ €5.03 -62.40
37.56 89.03 -57.81 0.01* (0.26 0.67)
M/P ratio :
0.22 + 0.13 0.74 + 0.43 -70.07
0.19 0.63 ~70.45 <.01° (0.18 0.49)

£T-9

i

NOTE:# MEDIAN 1S PROVIDED FOR TMAX INSTEAD OF GEOMETRIC MEAN. P-VALUE WAS OBTAINED FROM
FOR p-value; * = STATISTICALLY SIGNIFICANT (p<=0.05) DIFFERENCE BETWEEN TREATMENT MEANS.

g

WILCOXON'S RANK SUM TEST.
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Table 2-13.: Comparison of 6 mg evening versus morning dose for ENA713 pharmacokinetics of cirrhotic subjects
ENA713 STUDY W368 |
y 6 mg, bid dosing [
: . ARITHMETIC MEAN + SD 2 )
PARAMETER . ' GEOMETRIC MEAN DIFFERENCE p-value (908 :cir.)
' (RANGE)
Evening dose Morning dose
AUC (0-12) (N =9) (N =10)
(ng.hr/mL) 173.89 + 78.48 215.75 + 92.38 -19.40
159.81 ] 199.74 -19.99 <.01* {0.73 0.86)
e e
Cmax
(ng/mL) 25.50 + 7,02 37.38 + 12.91 -31.78
24.5%) 35.80 -31.48 0.01* (0.53 0.84)
——— P
Tmax §
(hr) 2.76 +  1.18 1.50 + 0.41 85.20
2.00 1.50 33.33 G.03*
At ———
T-HALF
{thr) 4.17 +  2.65 3.3+ 1.79 24.38
3.58 2.99 19.40 <.01°* {1.13 1.33)
————— [
CL/F
{L/h) 40.65 + 16.62 32.32 + 12.68 25.77
37.56 30.05 24.98 <.uit {1.17 1.36)
H/P ratio
0.22 + 0.13 0.21 + 0.12 3.1
0.19 0.18 3.05 0.14 (0.99 1.13)
. TTT—

NOTE:# MEDIAN IS PROVIDED FOR TMAX INSTEAD OF GEOMETRIC MEAN. P-VALUE WAS OBTAINED FROM

FOR p-value,

WILCOXON'S SIGNED RANK TEST.

* = STATISTICALLY SIGNIFICANT (p<=0.05) DIFFERENCE BETWEEN TREATMENT MEANS.
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Figure 4.1.4.: Mean plasma concentration time profile of rivastigmine following 6 mg b.l.d. oral dosing (n=10)

NALYTE=ENA 713, TREATMENT=6 mg b.l.d. dosing
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Clinical Phasmacology Summary Report Exelon® W370

Study title: An aMe bioavailability study comparing a single dose of 6 mg SDZ ENA 713 capsuie
with a single 2-tng_ SDZ ENA 713 intravenous infusion in patients with probable Alzheimer's disease

Co-investigator(s): Jamee! Hourani, D.O. and Parvaneh P. Zolnouni, M.D., Califomia Clinical Trials,
Beverty Hills, CA, USA

Report authors: Mr. C. McDonaid, Dr. M. Hossain (Clinical Pharmacology, Novartis, E. Hanover, NJ,
USA), Ms. F. Pommier (Drug Metabolism and Pharmacokinetics, Novartis, Rueil-Malmaison, France)
and Dr. J. Lee (Medical Information Processing and Statistics, Novartis, E. Hanover, NJ, USA)

Publication(s): None

Study period: first subject dosed 14-Aug-98 last subject completed 22-Sep-98

Objective: To assess the bioavailability of a single 6 mg SDZ ENA 713 (ENA 713) capsules dose
compared to a single 2.0 mg ENA 713 iv. infusion in patients with probable Alzheimers disease
currently participating in ENA 713 Studies B356 or B357. .

Design: This was a single center, open-label, randomized order, two-way crossover trial using 6 'mg
Exelon® capsules & 2 mg ENA 713 i.v. solution. .

Number of subjects: Planned: 12 (for at ieast 8 evaluable) Entered and completed: 11

Criteria for inclusion: Twelve male and fernale (non-child-bearing potential) outpatients between 50
and 86 years of age that were currently participating in ENA 713 Studies B356 or 8357, patients had to
have no medical conditions that would put them at an increased risk for participation in the study.
Only medications required for coexistent medical conditions or to treat newly occurring adverse events
were administered during the study.

Investigational drug:

- - - — e - . fam e s mem s smm s m s M sm ER . s essmem ammm

—
————

TR T ces st mm g WITiE WEL M YT YW W e t s s e w e e cmey o —meme e - o m—

Duration of treatment: Two single doses 3 days apart and 5 days total participation.
Single doses: a 6 mg capsule administered P.O. and a 2 mg i.v. infusion administered over 60 minutes

Criteria for evaluation:
Safety and tolerability: Physical exam, vital signs and safety laboratory evaluations

Pharmacotkinetics: Plasma samples for determination of ENA 713 (rivastigmine) and its metabolite
NAP 226-90 were obtained before and at 0.5, 0.75, 1, 1.5, 2, 4, 6, 8 and 12 hours after capsule
administration or at 0.25, 0.5, 0.75, 1, 1.25, 1.5, 2, 4, 6, 8, and 12 hours after i.v. administration.
Rivastigmine and its metabolite NAP 226-90 were determined in piasma using a GC/MS method at a
limit of quantitation -~ —— _ . for both compounds. Concentrations of rivastigmine and NAP
226-90 in plasma were used to determine: AUC,, AUCy., Con: tee: Lize A, and M/P ratio
(calculated as AUC,., of NAP 226-90 divided by AUC,.. of rivastigmine); and for rivastigmine only, to
determine CL and V, (both after i.v. only), and F,. The subjects’ pharmacokinetic proﬁles were
analyzed by slandard non-compartmental methods using the

pharmacokinetic software (version 1.5, Scientific Consulting inc., Cary, NC).

6-114
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Table 1:

= and intravenous administration of rivastigmine

Pharmacokinetic parameters of rivastigmine following a single oral

~ > Arithmetic Mean + SD
T - CoeffTicient of Variation (CV%)
{Range)
Parameter 2 mg Intravenous 6 mg Oral
N=11 N=11
AUC,, 35.69 +19.88 69.79 £28.05
(ng.tvmL) - 857 40.2
AUC,, 37.13+19.78 71.24 £28.17
(ng.h/mL.) 53.3 39.5
Coreax 16.32+6.84 25.62 £ 9.60 5
(ng/mL) 41.9 , 37.5 P
Toe 1.28 £0.92 1.18£0.96 -
(h) 72.0 82.0
Tia 1.39 £0.37 1.71+£0.23
() 26.7 13.2
CL 62.61+£19.68
(L/h) 31.4
v, 124.05+49.58
(L) 40.0
. R
Fee 71.7 10.34
(%) - 47.7
) o

Following single oral administration of 8 6 mg capsule and a single i.v. infusion of a 2 mg dose of
rivastigmine, the average time to peak plasma concentrations of NAP 226-90 ranged fom ———
hours and the average terminal elimination half-life ranged from ~———  hours for both the
treatments (Table 2). The intersubject variability (coefficient of variation, CV) of all the pharmacokinetic
parameters except T., and M/P ratio for NAP 226-80 ranged from e——— . Following i.v.
administration, the AUC,., ratio of NAP 226-90 to rivastigmine averaged 0.53 (range:
whereas the ratio averaged 1.35 (range: ~— after oral administration. This suggests that more
NAP 226-90 is formed following oral administration presumably due to presystemic metabolism.




Novartis | Confidential
Report ENA713 W370

Page &
Exelon®

Table 2: Pharmacokinetic parameters of NAP 226-90 following a single oral and

intravenous administration of rivastigmine

Xz Arithmetic Mean : SD
IS Coefficient of Variation (CV%)
' (Range)
Parameter 2 mg Intravenous 6 mg Oral
N=11 N=11
AUC,, 15.94 + 5.96 67.27 +31.85
(ng.WmL) 374 47.3
AUC,. 17.87 £ 6.93 7742+ 3787
(ng.hymL) 38.8 489
Corax 2.67 +0.57 11.59 + 4.23
(ng/mL) 21.5 _ 364
A 1.89  1.01 1.64 + 0.89 -
(h) 53.5 54.3
T 3221043 3.64 £ 0.51
(h) 13.3 14.1
Muucoe / Pavcoe 0.53+0.15 1.35%1.03
(ratio) 28.5 76.5

Conclusions: The mean absolute bicavailability of rivastigmine following oral administration of a 6
mg capsule was 71.7% compared to a 2 mg i.v. infusion dose of rivastigmine when normalized for
dose. Single oral 6 mg capsule doses and 60 min i.v. infusions of 2 mg/5 mL of ENA 713 administered
to 11 patients with probable Alzheimer's disease were safe and well tolerated. This was evidenced by
the absence of any significant effects on vital signs measurements and did not appear to cause
clinically relevant changes in hematology, or serum chemistry parameters.

Status: First Interpretabie Resuits; pharmacokinetic results are final; safety results are preliminary.

6-117
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Figure 4.1. Mean plasma concentration-time profile of rivastigmine following single oral administration of 2 mg 1.V. and 6 mg
P.O. dose
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i
CLINICAL P:__HARMACOLOGY AND BIOPHARMACEUTICS
- REVIEW
NDA.: 20-823 - Submission Dates:
October 21, 1999
February 22, 2000
Generic Name: Rivastigmine Tartrate Oral Capsule (ENA 713)
Brand Name: EXELON®
Indication (s) Alzheimer’s disease
Sponsor: Novartis
. Type of Submission: Pre-Approval Safety Update Package/Review Amendment
%
Reviewer: Sayed Al-Habet, Ph.D. ' P
Date of Review: March 22, 2000 -

SYNOPSIS:

In OCPB review dated February 7, 2000 the following statement/comment was forwarded to the
Clinical Division to be incorporated in Labelling relevant to PK data of Exelon on hepatic
impairment patients:

T————

The sponsor stratifted the data on hepatically impaired patients into mild (n=7), moderate (n=3)
and severe (n=1) groupings (February 22, 2000 submission). Mean oral clearance for the mild
and moderate group was about 65% lower than the normal group. The subject with severe
hepatic impairment dropped out from the study.

Based on this new information that was submitted by the sponsor on February 22, 2000 the
above statement should be replaced with the following statement:




RECOMMENDATION:

Please incorporate the "éﬁ‘fltents of the above modified Labélling Comment to the current
labelling for ExelomQral Capsule.

Reviewed by: /) o

Sayed Al-Habet, Ph.D.
Office of Clinical Pharmacology and Biopharmaceutics
Division of Pharmaceutical Evaluation I

RD/FT initialed by Raman Baweja, Ph.D. . ,—'Sl/ i ~

cc: NDA # 20-823 (Orig.), HFD-120, HFD-860 (Al-Habet, Baweja, Mehta), Drug files
(Biopharm File, CDR).
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